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SHU \HDU >@ $UULYDOV LQWR KLJKGHQVLW\ DLUSRUWV HVSHFLDOO\ GXULQJ SHDN WUDIILF SHULRGV DQG






7KH 1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ¶V 1$6$ $LU 7UDIILF 0DQDJHPHQW























PDLQWDLQ VDIH VHSDUDWLRQ ,Q QRUPDO RSHUDWLRQV $7& DGGV D VSDFLQJ EXIIHU WR WKH VHSDUDWLRQ
UHTXLUHPHQW WRHQVXUH WKDW VHSDUDWLRQ LV DOZD\VPDLQWDLQHG7KHJRDORIDLUERUQHVSDFLQJ LV WR




















GHPRQVWUDWHG EHQHILWV $V DQ LQWHJUDWHG V\VWHP WKHVH WHFKQRORJLHV ZLOO LQFUHDVH WKURXJKSXW







WKH JURXQGEDVHG DQG DLUERUQH WHFKQRORJLHV 'XULQJ KLJK GHPDQG RSHUDWLRQV 70$70PD\

































2.1 Experiment and Scenario Design 







SLORW FUHZV IOHZ IXOOVFDOH KLJK ILGHOLW\ IL[HGEDVH VLPXODWRUV ZKLOH WKH RWKHU WZR HPSOR\HG
PHGLXPILGHOLW\ GHVNWRS VLPXODWRUV $OO IRXU VLPXODWRUV ZHUH HTXLSSHG ZLWK WKH $67$5
YHUVLRQDLUERUQHVSDFLQJDOJRULWKPDQGDIOLJKWGHFNFRQWUROGLVSOD\LQWHUIDFHWRHQDEOH












)LJXUHV  DQG  FRQVLVWHG RI WZR VLGHPRXQWHG HOHFWURQLF IOLJKW EDJV ()% DQG FRQILJXUDEOH
















































DLUFUDIW7KHZLQGVFHQDULR LQFOXGHGYHU\ VWURQJZLQGFRQGLWLRQVDW DOWLWXGHDQG OLJKW WR
PRGHUDWHZLQGDW WKHDLUSRUW6FKHGXOLQJGHOD\VIRU WKHWDUJHWDQG),0DLUFUDIW LQ WKLVVFHQDULR
















































GXULQJ WKH H[SHULPHQW VHVVLRQV FRQGXFWHG LQ -DQXDU\ DV FRPSDUHG ZLWK WKRVH FRQGXFWHG LQ
)HEUXDU\















2.2.3 Confederate Controllers 























WKH FDSWDLQ DV WKH 30 ± IRU D WRWDO RI IRXU H[SHULPHQW UXQV 7KH UXQ RUGHU ZDV SDUWLDOO\
FRXQWHUEDODQFHGDQGZLWKLQHDFKFUHZWKHSLORWVVZLWFKHG3)DQG30UHVSRQVLELOLWLHVEHWZHHQ
UXQV7KH&HQWHU DQG*KRVW FRQWUROOHUV DOVR URWDWHGSRVLWLRQV EHWZHHQ UXQV$GGLWLRQDO GHWDLOV
UHJDUGLQJWKHGDLO\VFKHGXOHDQGH[SHULPHQWUXQRUGHUDUHLQFOXGHGLQ$SSHQGL[%













DLUFUDIW IOLJKW SDWK 7KH VFKHGXOH LV WKHQ GHFRQIOLFWHG DW HDFK RI WKH VFKHGXOLQJZD\SRLQWV E\
GHOD\LQJDLUFUDIWXQWLO WKH\DUHSURSHUO\ VSDFHG7KH70$70VFKHGXOH LVEURDGFDVW WR WKHHQ











7KH UHVHDUFK YHUVLRQ RI 70$70 U70$ XWLOL]HG GXULQJ WKH 5$3725 H[SHULPHQW KDG WKH
GLVSOD\ VKRZQ LQ)LJXUHZLWK VL[ WLPHOLQHVRIZKLFK WKUHHZHUH DFWLYH7KH VHFRQG WLPHOLQH
VKRZHG WKHDUULYDO VFKHGXOH IRU3+; UXQZD\ DQG WKH ILIWK DQG VL[WK WLPHOLQHV VKRZHG WKH
DUULYDO VFKHGXOH IRU WZR PHWHULQJ IL[HV DURXQG WKH 3+; 75$&21 7KH FXUUHQW FORFN WLPH




2Q WKH ULJKW VLGH RI HDFK WLPHOLQH WKH DLUFUDIW¶V 67$ LV VKRZQ LQ DPEHU RU F\DQ$V DLUFUDIW
DSSURDFKWKHDLUSRUW70$FRQWLQXDOO\UHFDOFXODWHVWKHVFKHGXOHEDVHGRQWKHDLUFUDIW¶VFXUUHQW
(7$ XQWLO WKH DLUFUDIW UHDFKHV D IUHH]H KRUL]RQ VHW DW  10 IURP HDFKPHWHULQJ IL[$IWHU
FURVVLQJ WKH IUHH]H KRUL]RQ WKH VFKHGXOH IRU HDFK DLUFUDIW UHPDLQV IL[HG $Q DPEHU FDOO VLJQ
LQGLFDWHVWKDWDQDLUFUDIWLVRXWVLGHRIWKHIUHH]HKRUL]RQDQGDF\DQFDOOVLJQLQGLFDWHVWKDWLWLV









WR ERWK WKH )HHGHU DQG )LQDO FRQWUROOHUV DQG FRQVLVWHG RI WLPHOLQHV VORW PDUNHUV HDUO\ODWH
LQGLFDWRUVVSHHGDGYLVRULHVDQGVHTXHQFHQXPEHUVVHH)LJXUH















VFKHGXOHFRQIRUPDQFHLQIRUPDWLRQIRU WKDWDLUFUDIW7KHVHLQGLFDWRUVUHSUHVHQW WKHGLIIHUHQFH LQ
PLQXWHVDQGVHFRQGVEHWZHHQWKH(7$DQG67$WRWKHQH[WPHUJHSRLQWRUWKHUXQZD\WKUHVKROG


































DQ DLUFUDIW DQG LWV WDUJHW UHDFK DQ DFKLHYHE\ SRLQW DORQJ D ' WUDMHFWRU\ 7KH SURFHGXUH IRU





'XULQJ ),0RSHUDWLRQV WKH()%GLVSOD\HG WKH WDUJHW DLUFUDIW FDOO VLJQ WKH FRPPDQGHG VSHHG
UHTXLUHGWRDFKLHYHSUHFLVHLQWHUYDOVSDFLQJEHKLQGWKHWDUJHWDLUFUDIWDQGD)DVW6ORZLQGLFDWRUWR





















,Q DGGLWLRQ WR WKH DYLRQLFV RQERDUG WKH ),0 DLUFUDIW VHYHUDO ),0 LQGLFDWRUV RQ WKH FRQWUROOHU
GLVSOD\VZHUHDOVRXWLOL]HGGXULQJWKLVH[SHULPHQW),0LQIRUPDWLRQGLVSOD\HGLQWKH0HWHU/LVW



















),0DGYLVRU\GLVSOD\V WR WKHHQ URXWH FRQWUROOHUV LQGLFDWHG WKHHOLJLELOLW\ DQGVWDWXVRI WKH ,0
FOHDUDQFH$LUFUDIWWKDWZHUH),0FDSDEOHGLVSOD\HGD\HOORZ³#´V\PERORQWRSRIWKH)'%7KLV
ZDV FKDQJHG WR DPDJHQWD ³#´ V\PERO DIWHU WKH FRQWUROOHU LVVXHG WKH ,0 FOHDUDQFH DQG WR D
PDJHQWD ³6´ RQFH WKH DLUFUDIW UHSRUWHG SDLUHG VSDFLQJ VHH )LJXUH 2Q WKH IHHGHU DQG ILQDO
FRQWUROOHUGLVSOD\VDLUFUDIWWKDWKDGEHHQLVVXHGDQ,0FOHDUDQFHGLVSOD\HG³),0´LQWKH)'%DQG



















































2.5 Facilities and Equipment 

7KH5$3725H[SHULPHQWXWLOL]HGWZRIDFLOLWLHVDW1$6$/D5&WKH)OLJKW6LPXODWLRQ)DFLOLW\
)6)DQG WKH$LU7UDIILF2SHUDWLRQV/DERUDWRU\$72/'HVFULSWLRQVRIHDFK IDFLOLW\DQG LWV
HTXLSPHQWDUHSURYLGHGLQWKLVVHFWLRQ

2.5.1 Flight Simulation Facility 

'XULQJWKH5$3725VFHQDULRVWZRRIWKHIRXU),0DLUFUDIWZHUHIORZQE\VXEMHFWSLORWVXWLOL]LQJ






2.5.1.1 Integration Flight Deck 

7KH,)'LVDIXOOVFDOHVLPXODWRUUHSUHVHQWDWLYHRIDODUJHFRPPHUFLDOWUDQVSRUWFDWHJRU\DLUFUDIW
DQG LV GULYHQ E\ DQ DSSURSULDWH DLUFUDIW G\QDPLFV PDWKHPDWLFDO PRGHO 7KH FRFNSLW LQFOXGHV
VWDQGDUGVKLS¶V LQVWUXPHQWV UHSUHVHQWDWLYHRID OLQHRSHUDWLRQVDLUFUDIWDQG WKHFRFNSLW¶VYLVXDO
V\VWHPLVDSDQRUDPDV\VWHPWKDWSURYLGHVKRUL]RQWDOE\YHUWLFDOILHOGRIYLHZ'XULQJ
WKH5$3725H[SHULPHQWRQHRIWKHIRXUVXEMHFWIOLJKWFUHZVIOHZWKH,)'DQGWKHYLVXDOVFHQH











































































2.5.2.2 MACS Pseudo-Pilot Stations 

7KHPDMRULW\RIWKHDLUFUDIWLQWKH5$3725H[SHULPHQWZHUHVLPXODWHGXVLQJWKH1$6$$5&
0XOWL$LUFUDIW&RQWURO 6\VWHP 0$&6 >@7KH XVH RI0$&6GHVNWRS SVHXGRSLORW VWDWLRQV
DOORZHGDVLQJOHRSHUDWRUWRFRQWUROWKHEDVLFIXQFWLRQVRIPXOWLSOHDLUFUDIW7KHWUDIILFDLUFUDIW
ZHUHFRQWUROOHGE\DJURXSRIILYH0$&6SVHXGRSLORWVZLWKWKUHHSLORWVZRUNLQJWKH=$%KLJK















2.5.2.3 ATC Stations 

$7& FRQWUROOHU VWDWLRQV HTXLSSHG ZLWK 0$&6 ZHUH XWLOL]HG ZLWKLQ WKH $72/ WR HQDEOH
FRQIHGHUDWHDLUWUDIILFFRQWUROOHUVWRSURYLGHDUHDOLVWLF$7&HQYLURQPHQW$OOFRQWUROOHUSRVLWLRQV
XVHG VWDQGDUG 'LVSOD\ 6\VWHP 5HSODFHPHQW '65 RU 6WDQGDUG 7HUPLQDO $XWRPDWLRQ





3 Results and Discussion 

4XDQWLWDWLYHGDWDDXGLRDQGYLGHRUHFRUGLQJVDQGUHVHDUFKHUREVHUYDWLRQVZHUHFROOHFWHGWRDVVHVV
WKH$7'023V UHJDUGLQJ WKH QXPEHU RI YLRODWLRQV RI VHSDUDWLRQ SHUFHQWDJH RI FRQWUROOHU
LQWHUUXSWHG ),0 RSHUDWLRQV ),0 VSDFLQJ JRDO FRQIRUPDQFH DQG SHUFHQWDJH RI IOLJKW GHFN
LQWHUUXSWHG),0RSHUDWLRQV7RDVVHVVIOLJKWFUHZDFFHSWDELOLW\RI),0RSHUDWLRQVDQGIOLJKWFUHZ







VSDFLQJ SRVVLEO\ UHVXOWLQJ LQ LQDFFXUDWH VSDFLQJ LQWHUYDOV DQG YLRODWLRQ RI VHSDUDWLRQ FULWHULD
SDUWLFXODUO\IRUWKHZLQGVFHQDULR

3.1 Number of Violations of Required Separation (MOP 3.2.1) 

7KH VHSDUDWLRQ YLRODWLRQV UHFRUGHG GXULQJ WKH H[SHULPHQW DUH VKRZQ LQ7DEOH  7KH ILUVW WZR
FROXPQVLQWKH7DEOHLQGLFDWHWKHUXQQXPEHUDQGZLQGILHOGRIWKHVFHQDULR7KHQH[WIRXUFROXPQV
VKRZWKHFDOOVLJQDQGDUULYDOURXWHRIWKHDLUFUDIWLQYROYHGLQWKHVHSDUDWLRQYLRODWLRQ7KHODVW





'XULQJ5XQ  WKH IOLJKW FUHZ LQ1$6$ GLG QRW FRPPHQW RQ WKH VHSDUDWLRQ YLRODWLRQ 7KH
YLRODWLRQLQYROYLQJ1$6$FRUUHVSRQGVWRWKHIOLJKWGHFNLQWHUUXSWHG),0RSHUDWLRQGLVFXVVHG
LQ6HFWLRQ$GGLWLRQDOGHWDLOVUHJDUGLQJSLORWSHUFHSWLRQVDQGHYHQWVWKDWRFFXUUHGGXULQJWKH
























1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
1$6$ 0$,(5 1$6$ ($*8/    2Q)LQDO
1$6$ ($*8/ 1$6$ 0$,(5    2Q)LQDO
'&0 ($*8/ 6.: 0$,(5    7XUQRQWR)LQDO
  1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
 
1$6$ 0$,(5 1$6$ 0$,(5    2Q)LQDO
1$6$ ($*8/ 1$6$ ($*8/    2Q)LQDO
1$6$ 0$,(5 1$6$ ($*8/    2Q)LQDO
1$6$ ($*8/ 1$6$ 0$,(5    2Q)LQDO











ILQDODSSURDFK7KH IOLJKWFUHZFKHFNHGLQ LQIRUPHG WKH ILQDOFRQWUROOHU WKDW WKH\ZHUHSDLUHG
EHKLQGWKHLUWDUJHWDLUFUDIWDQGUHSRUWHGWKHLUFXUUHQWVSHHG7KHILQDOFRQWUROOHULQWHUSUHWHGWKLV





















  1XPEHURI&RQWUROOHU 3HUFHQWDJHRI&RQWUROOHU
6FHQDULR N ,QWHUUXSWHG),02SHUDWLRQV ,QWHUUXSWHG),02SHUDWLRQV
:LQG   
:LQG   











































:LQG $OO        
 $OO        
:LQG 8QLQWHUUXSWHG        

















































































WR ILQDO DSSURDFK VSHHG WKH\ HVWLPDWHG WKDW WKH\ ZHUH  10 EHKLQG WKH WDUJHW 7KH\ IHOW
XQFRPIRUWDEOHZLWKWKLVVSDFLQJDQGZLWKWKHFRPPDQGHGVSHHGVDWWKLVWLPHSDUWLFXODUO\ZLWKWKH
WDUJHW DLUFUDIW EHLQJ VORZHG GRZQ 7KH IOLJKW FUHZ WKHQ GHFLGHG WR VXVSHQG ),0 RSHUDWLRQV







VWDWLVWLFDODQDO\VLVZDVSHUIRUPHGXVLQJ WKHELQRPLDO WHVWRIRQHSURSRUWLRQ WR WHVWZKHWKHU WKH







  1XPEHURI)OLJKW'HFN 3HUFHQWDJHRI)OLJKW'HFN
6FHQDULR N ,QWHUUXSWHG),02SHUDWLRQV ,QWHUUXSWHG),02SHUDWLRQV
:LQG   
:LQG   




















,WHPH 7KH IUHTXHQF\ RI WKH ,0 VSHHG FRPPDQGV ZDV DFFHSWDEOH DW DOO WLPHV
WKURXJKRXWWKHVFHQDULR
,WHPJ 7KH XVH RI YRLFH FRPPXQLFDWLRQV WR SURYLGH WKH ,0 FOHDUDQFHV ZDV
DFFHSWDEOHLQWKLVVFHQDULR
,WHPK 7KHDPRXQWRIKHDGGRZQWLPHUHTXLUHG WR LQSXW LQIRUPDWLRQIURPWKH ,0
FOHDUDQFHVLQWRWKH()%ZDVDFFHSWDEOH






'DWD IURP WKH 3) DQG 30 ZHUH FRPELQHG DQG VWDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH



















6FHQDULR N 0HDQ 6' 0LQ 0HGLDQ 0D[
:LQG      



































Pilot Ratings of Overall FIM Acceptability
Wind = 06/12/11

)LJXUH  3LORW UDWLQJV RI RYHUDOO ),0
DFFHSWDELOLW\GXULQJWKHZLQGVFHQDULR















7DEOH  'HVFULSWLYH VWDWLVWLFV IRU SLORW DFFHSWDELOLW\ UDWLQJV RI ),0 RSHUDWLRQV LH SDFH RI
RSHUDWLRQDOWDVNIURPTXHVWLRQQDLUHLWHPE

6FHQDULR N 0HDQ 6' 0LQ 0HGLDQ 0D[
:LQG      




































Pilot Acceptability of FIM Operations -  Pace of Operational Task

)LJXUH  3LORW DFFHSWDELOLW\ RI ),0
RSHUDWLRQV LH SDFH RI RSHUDWLRQDO WDVN
GXULQJWKHZLQGVFHQDULR
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)LJXUH  2SHUDWLRQDO DFFHSWDELOLW\ RI ,0
FRPPDQGHG VSHHGV DV SHUFHLYHG E\ SLORWV
GXULQJWKHZLQGVFHQDULR
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)LJXUH  2SHUDWLRQDO DFFHSWDELOLW\ RI ,0
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Operational Appropriateness of IM Commanded Speeds
Wind = 06/12/2011

)LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
RSHUDWLRQDODSSURSULDWHQHVVRI,0FRPPDQGHG
VSHHGVGXULQJWKHZLQGVFHQDULR
 )LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
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Acceptability of IM Commanded Speed Frequency
Wind = 06/12/2011

)LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
DFFHSWDELOLW\ RI ,0 FRPPDQGHG VSHHG
IUHTXHQF\GXULQJWKHZLQGVFHQDULR
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Acceptability of Voice Communications to Provide IM Clearance(s)

)LJXUH3LORWSHUFHSWLRQVUHJDUGLQJWKHXVH















7DEOH  'HVFULSWLYH VWDWLVWLFV IRU WKH DFFHSWDELOLW\ RI WKH KHDG GRZQ WLPH UHTXLUHG E\ ()%
LQWHUDFWLRQIURPTXHVWLRQQDLUHLWHPK
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Acceptability of Head Down Time associated with EFB Use
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Acceptability of Entering IM Clearance Information into the EFB
Wind = 06/12/2011
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Ease of Obtaining Information from IM Displays 

)LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
HDVH RI REWDLQLQJ LQIRUPDWLRQ IURP ,0
GLVSOD\VGXULQJWKHZLQGVFHQDULR
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 )LJXUH  3LORW SHUFHSWLRQV UHJDUGLQJ WKH
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Acceptability of Flight Crew Procedures
Wind = 06/12/2011
 
)LJXUH  $FFHSWDELOLW\ RI IOLJKW FUHZ
SURFHGXUHV XVHG GXULQJ WKH ZLQG 
VFHQDULR
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4  Conclusions 

1$6$ KDV GHYHORSHG DQ LQWHJUDWHG VHW RI VFKHGXOLQJ DQG VSDFLQJ WHFKQRORJLHV FRQVLVWLQJ RI
70$70&06GHFLVLRQVXSSRUWWRROVDQG),0DYLRQLFVDQGSURFHGXUHV3UHYLRXVVWXGLHVKDYH







KXPDQ SDUWLFLSDWLRQ 7KH 5$3725 H[SHULPHQW SURYLGHG WKH ILUVW RSSRUWXQLW\ WR LQWHJUDWH
$67$5ZLWKWKHJURXQGEDVHGWRROV7KLVVLPXODWLRQXWLOL]HGDQXQVFULSWHGHQYLURQPHQWDQG
VRPHRIWKHLQLWLDODVVXPSWLRQVPDGHUHJDUGLQJWKHFRPSDWLELOLW\EHWZHHQWKH),0DQGJURXQG


















E\ VLPXODWLRQ DUWLIDFWV LQFOXGLQJGLVSOD\RI WKH WDUJHW DLUFUDIW RQ WKH UXQZD\ FDXVLQJSLORWV WR
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IL[ )$) 7KH IRXU ),0 DLUFUDIW LQ WKH H[SHULPHQWZHUH IORZQ E\ VXEMHFW SLORWV XWLOL]LQJ WKH
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UHFHQWO\UHWLUHGFRPPHUFLDODLUOLQHSLORWVXWLOL]LQJIRXUVLQJOHFUHZ$6725V)LYHSVHXGRSLORWV
RSHUDWHG0XOWL$LUFUDIW&RQWURO6\VWHP0$&6SVHXGRSLORW VWDWLRQV WRFRQWURO WKH WUDIILF
DUULYDODLUFUDIW
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PD[LPXP$'6%UHFHSWLRQ UDQJHZDVDVVXPHG WREH10ZLWKSHUIHFW UHFHSWLRQDW OHVVHU
UDQJHV$IWHUDFWLYDWLQJ WKH ,QWHUYDO0DQDJHPHQW ,0FOHDUDQFH WKHFUHZUHFHLYHGDPHVVDJH
































7UDIILF&RQWURO $7& WRYHFWRU WKHDLUFUDIW IRUVHTXHQFLQJ3ULRU WR UHDFKLQJ6/,'5 WKH),0
DLUFUDIWZDVLQVWUXFWHGWRWXUQGHJUHHVULJKWGHVFHQGWR)/DQGVORZWRNQRWVWRDWWDLQ


















































































































A.2 Data Collection Scenarios 





REVHUYH KRZ7UDIILF0DQDJHPHQW$GYLVRUZLWK 7HUPLQDO0HWHULQJ 70$70 VFKHGXOHG WKH
DUULYDOVHTXHQFH7KH),0SDLUVZHUHWKHQVHOHFWHGIURPWKHDUULYDOVWUHDPWRSURYLGHDVDPSOLQJ

































A.2.2 Wind 06/12 Scenario 

7KH5$3725ZLQGVFHQDULRLQFOXGHGPRGHUDWHZLQGVDWDOWLWXGHZLWK70$70VFKHGXOH



























































5XQ *KRVW &HQWHU6HFWRU &HQWHU6HFWRU )HHGHU )LQDO
5XQ $ % & ' (
5XQ % & $ ' (
5XQ & $ % ' (




7KHSLORWSDUWLFLSDQWV UHFHLYHG WUDLQLQJPDWHULDO DQGDFFHVV WRFRPSXWHUEDVHG WUDLQLQJSULRU WR
DUULYLQJ DW 1$6$ /DQJOH\ 5HVHDUFK &HQWHU 7KH\ DOVR UHFHLYHG DSSUR[LPDWHO\ VL[ KRXUV RI





WKH UHPDLQLQJ GDWD FROOHFWLRQ IOLJKWV IROORZHG E\ D SRVWH[SHULPHQW TXHVWLRQQDLUH DQG JURXS



































UHYHUVH YLGHR IRU  VHFRQGV ,I WKH
SLORW GRHV QRW UHVSRQG ZLWKLQ 
VHFRQGVWKHFRPPDQGHGVSHHGEOLQNV
XQWLO WKH VSHHG LV VHW LQ WKH 0RGH
&RQWURO3DQHO0&3

 7KH VWDWXV ER[ GLVSOD\V WKH FXUUHQW

































































































VSDFLQJ LQWHUYDOV WR EH HVWDEOLVKHG )RU DPDMRULW\ RI WKH GHVFHQW WKH DLUFUDIWZLOO GHVFHQG LQ

























C.2 Load Ownship Information into EFB 
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(QWHU WKH DUULYDO DLUSRUW¶V ,&$2 LGHQWLILHU LQ WKH
'(67$,53257EORFN7KHQ WKH2:16+,357(
EXWWRQZLOODSSHDU3UHVVWKH2:16+,357(EXWWRQ




















6HOHFW WKH DUULYDO WUDQVLWLRQ DQG DSSURDFK E\
WRXFKLQJWKHVFUHHQRUXVLQJWKHEH]HOEXWWRQV7KH
5(6(7 EXWWRQ PD\ EH SUHVVHG WR VWDUW RYHU LI D
PLVWDNHZDVPDGH7KH(17(5EXWWRQZLOODSSHDU




















5RXWH QRZ DSSHDUV LQ WKH 2:16+,3 57( EORFN
2QFHDOOUHTXLUHGLQIRUPDWLRQLVHQWHUHGDQ(17(5
EXWWRQDSSHDUV3UHVVWKH(17(5EXWWRQWRLQSXWWKH































































DOWLWXGH EORFN RU WKH DGMDFHQW EH]HO EXWWRQ 7KH
%.63 EXWWRQ ZLOO HUDVH RQH QXPEHU ZKLOH WKH
































‘NASA 12, when able space 90 seconds behind Delta Alpha Lima 877 on EAGUL 
































































$'6% UDQJH VRUWHG DOSKDEHWLFDOO\ ,I WKHUH DUH
PRUHDLUFUDIW WKDQFDQ ILWRQRQHSDJH WKH3*83
DQG3*'1EXWWRQV FDQ EH XVHG 6HOHFW WKH WDUJHW
DLUFUDIW E\ HLWKHU SUHVVLQJ RQ WKH WRXFKVFUHHQ RU
SUHVVLQJWKHEH]HOEXWWRQORFDWHGEHVLGHLW

2QFH D FDOO VLJQ LV VHOHFWHG WKH (17(5 DQG















































WKH ERWWRP URZ RI WKH NH\ERDUG 7KH &$1&(/
EXWWRQZLOOFDQFHOWKHLQSXWDQGUHWXUQWRWKH7DUJHW

















7KH WDUJHW DLUFUDIW FDOO VLJQ LV QRZ VKRZQ LQ WKH





















2QFH DOO LWHPV DUH VHOHFWHG DQ (17(5 EXWWRQ
DSSHDUV 3UHVV WKH (17(5 EXWWRQ WR LQSXW WKH
WDUJHW DLUFUDIW¶V URXWH LQWR WKH ),0 V\VWHP DQG
























C.5 Activate IM System 
:KHQDOOWKHUHTXLUHGLQIRUPDWLRQKDVEHHQHQWHUHGLQWRWKH),0V\VWHPWKH$&7,9$7(EXWWRQ
















































































































NOTE: When IM is active, fly the IM commanded speed and disregard any charted 































NOTE: IM commanded speed may increase above current flap max speed.  Reduction 












NOTE: If aircraft is on VNAV PTH profile the aircraft will be on or slightly below 
glideslope when established on final 




















$7&PD\ DPHQG WKH ,0FOHDUDQFHZLWK D QHZ ,0
*2$/
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C.9 Suspend and Resume 

$7&PD\QHHGWRVXVSHQG),0RSHUDWLRQVIRUDSHULRGRIWLPH,ID6XVSHQG,QVWUXFWLRQVXFKDV

















8SRQ UHFHLYLQJ D 6XVSHQG ,QVWUXFWLRQ SUHVV WKH
























6863(1'(' LV GLVSOD\HG LQ WKH ,QWHUYDO






















8SRQ UHFHLYLQJ D 5HVXPH ,QVWUXFWLRQ SUHVV WKH
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Appendix D: Pilot Post-Run Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV





















6. Even though errors may be large or frequent, can instructed task be accomplished most 
of the time? 
x <HV
x 1R
7. [If pilot responded ‘Yes’ to Item 6] Are errors small and inconsequential? 
x <HV
x 1R
8. [If pilot responded ‘No’ to Item 7] Given that major deficiencies exist and system redesign 
is strongly recommended, please choose one of the following ratings: 
x 0DMRU GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV UHTXLUHG WR EULQJ HUURUV WR
PRGHUDWHOHYHO
x 0DMRU GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV UHTXLUHG WR DYRLG ODUJH RU
QXPHURXVHUURUV




9. [If pilot responded ‘Yes’ to Item 7] Is mental workload level acceptable? 
x <HV
x 1R
10. [If pilot responded ‘No’ to Item 9] Given that mental workload is high and should be 





x 9HU\ REMHFWLRQDEOH EXW WROHUDEOH GLIILFXOW\  PD[LPXP RSHUDWRU PHQWDO HIIRUW LV
UHTXLUHGWRDWWDLQDGHTXDWHV\VWHPSHUIRUPDQFH
11. [If pilot responded ‘Yes’ to Item 9] Given that mental workload level was acceptable, 
please choose from one of the following: 










12. Follow the flow chart above to select the peak workload you experienced during each 
segment of flight during the scenario you just completed. Rating of your peak workload 
level: 
         
!IWFUXLVHLQLWLDOGHVFHQW ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
±GHVFHQWDSSURDFKFKHFN ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
±75$&21ORZDOWLWXGHPHUJH ○ ○ ○ ○ ○ ○ ○ ○ ○ ○






13. Please rate the overall FIM acceptability during the scenario you just completed. 
 &RPSOHWHO\ &RPSOHWHO\
 8QDFFHSWDEOH $FFHSWDEOH
        
14. Please rate the FIM acceptability during each segment of flight during the scenario you 
just completed. 
 &RPSOHWHO\  0RGHUDWHO\  9HU\
 8QDFFHSWDEOH  $FFHSWDEOH  $FFHSWDEOH
    
!IWFUXLVHLQLWLDOGHVFHQW ○ ○ ○ ○ ○
±GHVFHQWDSSURDFKFKHFN ○ ○ ○ ○ ○
±75$&21ORZDOWLWXGHPHUJH ○ ○ ○ ○ ○
IWILQDODSSURDFKFRQILJXUHDLUFUDIW ○ ○ ○ ○ ○ 
 
 
15. Respond to each of the statements shown below using a scale ranging from “1” 










○ ○ ○ ○ ○ ○ ○
,ZDVQRWUXVKHGRUKXUULHGLQFRPSOHWLQJWKH
WDVN ○ ○ ○ ○ ○ ○ ○
7KH,0FRPPDQGHGVSHHGVZHUH
RSHUDWLRQDOO\DFFHSWDEOH ○ ○ ○ ○ ○ ○ ○
7KH,0FRPPDQGHGVSHHGVZHUH




















○ ○ ○ ○ ○ ○ ○
'XULQJWKLVVFHQDULRLWZDVHDV\WRREWDLQ
QHHGHGLQIRUPDWLRQIURPWKH,0GLVSOD\V ○ ○ ○ ○ ○ ○ ○
7KHIOLJKWFUHZSURFHGXUHVIRUWKHHYHQWVLQ
WKLVVFHQDULRZHUHFRPSOHWH ○ ○ ○ ○ ○ ○ ○ 
7KHIOLJKWFUHZSURFHGXUHVIRUWKHHYHQWVLQ
WKLVVFHQDULRZHUHDFFHSWDEOH ○ ○ ○ ○ ○ ○ ○ 
 
 
16. Did the procedures contain missing steps? 
x <HV
x 1R
17. Did the procedures contain extra steps that were unnecessary? 
x <HV
x 1R
18. Were the procedural steps logical and easy to follow? 
x <HV
x 1R














21. This space is reserved for any additional comments related to awareness and 
acceptability issues. If you have any clarifying comments or interesting observations 







Appendix E: Pilot Post-Experiment Questionnaire 













3. Was the workload required to operate the simulator much less than, the same as, or 
















5HTXLUHG       


4. Please share your impressions of the flight scenarios (e.g. comment on their level of 
realism, appropriateness, and/or diversity) and comment on how the design of the 

































7. Did you receive adequate training with respect to the entry and interpretation of 











8. Did you receive adequate training with respect to the interpretation of information 






























10. Were the procedures for suspending and then resuming an IM operation complete, 



























12. Were the procedures for reacting to the loss of your lead aircraft’s ADS-B signal 



































15. How difficult do you think it would be for a typical crew to learn and integrate the IM 




























17. Given the experience with IM that you gained during this simulation, what is your overall 
assessment of the safety of the spacing procedure compared with current day operations? 
(“Safety” in this question refers to your holistic opinion to include workload, awareness,
















      


18. In general, did you find the process of entering IM clearance information into the EFB 










19. Did the CGD and EFB provide you with the information you needed/desired to safely 


























21. Did you find the responsibility of using onboard automation to achieve a spacing interval 












22. Did you find your level of engagement with the IM automation acceptable (i.e., the level 
of decision making ability you had, and your understanding of the reasoning behind IM 


































Appendix F: Controller Post-Run Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV














4. How mentally demanding was the task? 
9HU\
/RZ     
9HU\
+LJK
      
5. How hurried or rushed was the pace of the task? 
9HU\
/RZ     
9HU\
+LJK
      
6. How hard did you have to work to accomplish your level of performance? 
9HU\
/RZ     
9HU\
+LJK
      
7. How insecure, discourage, irritated, stressed, and annoyed were you? 
9HU\
/RZ     
9HU\
+LJK
      
 
 
8. How physically demanding was the task? 
9HU\
/RZ     
9HU\
+LJK
      
9. How successful were you in accomplishing what you were asked to do? 
*RRG      3RRU
      




11. [If controller responded ‘Yes’ to Item 10] Did the ATD-1 operations function adequately, 




12. [If controller responded ‘No’ to Item 11] Given that you think the ATD-1 operations were 










14. [If controller responded ‘No’ to Item 13] How much, if at all, did you have to compensate 
for the tools to make the ATD-1 operations work? (In these situations “compensation” 
means how much did you have to work to counterbalance or offset less desirable actions 





15. [If controller responded ‘Yes’ to Item 13] How close to a desired level of performance 






16. [If controller responded ‘No’ to Item 10] Please describe any events you saw in the last 











18. Did you have to maneuver any non-FIM aircraft to accommodate a FIM-equipped 





















 2WKHU    
 
 
20. Did you encounter any problems as a result of the target aircraft arriving on a different 









21. How manageable was the size of the delay / advance that was required for your non-FIM 







      
22. [If controller responded ‘Center North (ZAB 36/43)’ or ‘Center North (ZAB 93/39)’ to 
Item 3] How manageable was the size of the delay / advance that was required for the 








      

















24. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] How useful were the CMS tools for managing the FIM aircraft? (e.g., giving you 









       
'HOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○
'HOD\FRXQWGRZQWLPHU ○ ○ ○ ○ ○ ○ ○
),0GHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○
5XQZD\LGHQWLILHU ○ ○ ○ ○ ○ ○ ○
),0VSHFLILFPHWHUOLVWLQIRUPDWLRQ ○ ○ ○ ○ ○ ○ ○
$OODLUFUDIWPHWHUOLVWLQIRUPDWLRQ ○ ○ ○ ○ ○ ○ ○
25. [If controller responded ‘Feeder North’ or ‘Final North’ to Item 3] How useful were the 
CMS tools for managing the FIM aircraft (e.g., giving you information about the FIM 








       
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○
'HOD\FRXQWGRZQWLPHU ○ ○ ○ ○ ○ ○ ○
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○
),0GHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○
6SDFLQJFRQHVEDWV ○ ○ ○ ○ ○ ○ ○
 
 
26. Did you issue any of the types of clearances listed below? Please note the aircraft call sign 
(if you can) as well as where and why you took this action in the box on the right. 
3OHDVHFKRRVHDOOWKDWDSSO\DQGSURYLGHDFRPPHQW

 6XVSHQGHG),0VSDFLQJ      
 5HVXPHG),0VSDFLQJ      
 'HFLGHGQRWWRLVVXHD),0FOHDUDQFH      
 &DQFHOOHG),0VSDFLQJ      
 1RQH      
 2WKHU          
27. Did you have to re-issue the IM clearance? If so, please note the ACID(s) and the 
reason(s) why. 
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
$LUFUDIW,'DQGZK\        
1R,GLGQ¶WKDYHWRUHLVVXH        
28. How many vectoring maneuvers did you issue to FIM aircraft in this run? (A vector away 














HQJDJHG ○ ○ ○ ○ ○
:KHQWKH),0HTXLSSHG
DLUFUDIWZDVVXVSHQGHG ○ ○ ○ ○ ○
$IWHU),0VSDFLQJZDV
WHUPLQDWHG ○ ○ ○ ○ ○
 
 
29. In general, was the FIM pilot’s intent clear? (i.e., Did you have enough information about 












30. Did being responsible for maintaining safe / standard separation for FIM aircraft but not 















      
31. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] Please rate how accurately the FIM displays (S & ®) reflected the status of the 







      
32. [If controller responded ‘Center North (ZAB 36/43)’ or Center North (ZAB 93/39)’ to 
Item 3] Please rate how accurately the FIM displays (S & ®) reflected the status of the 








       1$
 
 











34. Did having FIM aircraft change the amount of coordination you engaged in with the 








      
35. Was there anything that happened in this run that we forgot to ask about? What would 









Appendix G: Controller Post-Experiment Questionnaire 


1. What is your name? ________________________________ 
1DPHVZLOOEHUHPRYHGDQGUHSODFHGZLWKFRGHG,'QXPEHUV
2. Which position did you work in this scenario? 
x &HQWHU
x )HHGHU)LQDO
3. During which year did you retire?   
4. Which aircraft did you pay the most attention to during the experiment? Please note why 
this type of aircraft required more attention from you. 
3OHDVHFKRRVHDOOWKDWDSSO\DQGSURYLGHDFRPPHQW

 $OODLUFUDIWHTXDOO\       
 1RQ),051$9DLUFUDIW      
 ),0DLUFUDIWWKDWZHUHLQSDLUHGVSDFLQJPRGH     
 ),0DLUFUDIWWKDWZHUHVXVSHQGHGRUWHUPLQDWHG     
 2WKHU         
5. Did the speed profile that the FIM aircraft followed fit with your strategy for working 





6. If you had seen a FIM aircraft that was in IM spacing mode and you slowed its lead, what 













8. To what degree did you accommodate the FIM aircraft? Please note why you selected 
this rating. 
1RWDWDOO   6RPHWLPHV   $OZD\V











10. Did the winds in this simulation affect the behavior of the FIM aircraft or the FIM tools? 
 $OZD\V 2IWHQ 6RPHWLPHV 2FFDVLRQDOO\ 1HYHU 1$
),0DLUFUDIW ○ ○ ○ ○ ○ ○
),0VSDFLQJ
LQWHUYDO ○ ○ ○ ○ ○ ○
11. What impact did the wind variation have on the speed / time advisories and the 
















13. Please comment on your thoughts of the FIM aircraft sharing routes with the non-FIM 










15. What information would you like to know about the lead aircraft? How would you like 





16. What procedure would you suggest for coordination when the lead is in a different sector 





17. [If controller responded ‘Center’ to Item 2] This simulation used a procedure where you 
conditioned the FIM traffic to be within a 60 second “window” of their meterfix STA 




























19. How timely / appropriate was the reaction of the system to the speed adjustments of the 
self-spacing (FIM) aircraft? (e.g., When a self-spacing aircraft was flying at a faster speed 












      
20. In addition to standard separation, there is a 0.3 NM buffer. Was the 0.3 NM buffer 












21. [If controller responded ‘Feeder/Final’ to Item 2] Was the final approach fix the best 
point by which the FIM aircraft should achieve their spacing? 
1RQRW
DWDOO   6RPHWLPHV  
<HV
DOZD\V




22. [If controller responded ‘Feeder/Final’ to Item 2] Was it clear whether the FIM aircraft 







       1$


23. [If controller responded ‘Feeder/Final’ to Item 2] Did you modify where you handed off 
your aircraft to the Tower with the final approach fix as the FIM achieve-by point? Was 






















25. When FIM aircraft were in your sector, how acceptable was it for you to be responsible 























○ ○ ○ ○ ○








27. Do you think the phraseology you used during the experiment was satisfactory? Please 















        1$
,0FOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
$PHQGPHQWVWR,0
FOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
,0HQJDJHPHQWVWDWXV
UHSRUWLQJDVSDLUHG ○ ○ ○ ○ ○ ○ ○ ○ 
&KHFNLQZLWK75$&21 ○ ○ ○ ○ ○ ○ ○ ○ 
,0RSHUDWLRQVVWDWXV
UHSRUWLQJ ○ ○ ○ ○ ○ ○ ○ ○ 
,0FOHDUDQFHVXVSHQVLRQ ○ ○ ○ ○ ○ ○ ○ ○ 
,0FOHDUDQFHUHVXPSWLRQ ○ ○ ○ ○ ○ ○ ○ ○ 
'HVFHQWFOHDUDQFH ○ ○ ○ ○ ○ ○ ○ ○ 
,0HQJDJHPHQWVWDWXV
UHSRUWLQJXQDEOH ○ ○ ○ ○ ○ ○ ○ ○ 
28. Can you suggest changing the phraseology of the FIM clearances in any way to make 







29. [If controller responded ‘Feeder/Final’ to Item 2] What did you think of the check in by 





















31. When FIM operations were involved, were coordination requirements different? If so, 












32. Could you have worked the FIM aircraft under current day / baseline conditions, i.e., 
without CMS tools? 
1RWDWDOO   6RPHZKDWVRPHWLPHV   'HILQLWHO\
      
33. Were there any tips about managing FIM aircraft that you discovered for yourself that 







34. Please rate the usability of the following tools for working the FIM aircraft. “Usability” 









        1$
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○ ○ 
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○ ○ 
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○ ○ 
(DUO\ODWHLQGLFDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
6SDFLQJGHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 




35. Please rate the usability of the following tools for working the FIM aircraft. “Usability” 









        1$
0HWHUIL[67$ ○ ○ ○ ○ ○ ○ ○ ○ 
'HOD\WLPHRQDLUFUDIWWDUJHW ○ ○ ○ ○ ○ ○ ○ ○ 




○ ○ ○ ○ ○ ○ ○ ○ 
),0GHOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0LQWHUYDOWRWKHOHDGHULQ
WKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0DFKLHYHE\SRLQWDQG














        1$
6ORWPDUNHUV ○ ○ ○ ○ ○ ○ ○ ○ 
7LPHOLQHV ○ ○ ○ ○ ○ ○ ○ ○ 
6SHHGDGYLVRULHV ○ ○ ○ ○ ○ ○ ○ ○ 
(DUO\ODWHLQGLFDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
6SDFLQJGHVLJQDWRUV ○ ○ ○ ○ ○ ○ ○ ○ 
0HWHU67$ ○ ○ ○ ○ ○ ○ ○ ○ 
'HOD\RQWKHDLUFUDIWWDUJHW ○ ○ ○ ○ ○ ○ ○ ○ 
/HDGDLUFUDIWLQIRUPDWLRQLQ
PHWHUOLVWFDOOVLJQURXWH ○ ○ ○ ○ ○ ○ ○ ○ 
),0GHOD\LQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0LQWHUYDOWROHDGHULQ
WKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
),0DFKLHYHE\SRLQWDQG
WLPHLQWKHPHWHUOLVW ○ ○ ○ ○ ○ ○ ○ ○ 
37. What information should the tools have provided to you that they did not? Please 





38. [If controller responded ‘Feeder/Final’ to Item 2] Do you think you could have given 





39. Is there something that we didn’t ask above that you would like to comment on? Please 
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